1. Introduction {#s0005}
===============

Humans naturally find certain types of stimuli more rewarding than others. A well-established literature documents the high reward value of food and money ([@b0045], [@b0060]), as well as social stimuli, such as human faces ([@b0005], [@b0160]). When we view such stimuli, whether material or social in nature, brain regions associated with reward processing, including the ventromedial prefrontal cortex, the striatum, and the orbitofrontal cortex, are reliably engaged ([@b0175], [@b0225], [@b0245]).

Stimuli such as faces are suggested to be rewarding because they provide an abundance of information about another individual's mood, feelings and intentions, thus providing rich social cues ([@b0160]). Further, faces may predict social outcomes. For example, smiles may lead one to anticipate positive social outcomes, while frowns may predict negative social outcomes ([@b0170]). Research into the reward value of faces demonstrates that faces with genuine smiles are valued more than faces with polite smiles, as demonstrated by participants' willingness to forgo higher monetary rewards to view faces with genuine compared to polite smiles ([@b0230]). Male heterosexual participants also work harder, or exert more effort, to view images of attractive, rather than average, female faces ([@b0140]).

However, it has become apparent that the value assigned to social stimuli is subject to individual differences. For example, research has demonstrated that individuals with an autism diagnosis, or individuals without a clinical diagnosis of autism, but who report more autistic traits, show a reduced response to social, but not non-social, rewards ([@b0065], [@b0090], [@b0120], [@b0260]). This reduced sensitivity to social rewards has been observed in a number of different tasks, including incentive delay ([@b0090], [@b0120]), reward learning ([@b0260]), and effort tasks ([@b0100]). Furthermore, modulating the reward value of social stimuli, such as faces ([@b0240]) and hands ([@b0135]) in conditioning paradigms increases spontaneous mimicry and prosocial behaviour ([@b0190]) in individuals with fewer autistic traits, but not in those with more autistic traits. Together, these findings provide support for the idea that a deficit in sensitivity to social rewards exists in individuals with autism as well as in those reporting high numbers of autistic traits.

The Social Motivation Theory of Autism ([@b0070]) suggests that individuals with autism spectrum disorders (ASD) fail to form a representation of the reward value of social stimuli, and therefore place less value on these types of stimuli. It is thought that the reduced reward value associated with social stimuli consequently leads individuals with ASD to differ in their motivation to engage socially ([@b0095]). In a recent attempt to test this theory, [@b0100] conducted an elegant behavioural experiment to measure the reward value of social stimuli based on the number of autistic-like traits participants reported, and whether or not they had a clinical diagnosis of ASD. Specifically, the authors investigated the value of dynamic smiling faces with direct and averted gaze via an innovative task that used participant effort to gauge the reward value of each stimulus type. The results demonstrated that participants exerted more effort to watch videos of smiling faces with direct gaze, compared to videos of smiling faces with averted gaze or videos of moving objects (a non-social control condition). However, this preference for social stimuli was reduced in participants who reported more autistic traits or had a clinical ASD diagnosis. These results support the notion that individuals with ASD, as well as individuals without a clinical ASD diagnosis who report more autistic traits, assign a reduced reward value to social stimuli relative to typically developing individuals.

Although many studies have suggested that individuals assign a high value to faces as they may predict social outcomes ([@b0115], [@b0145]) and provide a wealth of other social cues ([@b0160]), faces are rarely encountered independently from other types of social information, such as bodies. Moreover, in a social world, faces and bodies move together. Biological motion, defined as motion produced by an animate agent, is another type of social stimulus that provides rich social information about others we encounter in our environment ([@b0125]). During social interactions, we receive valuable information from bodies as they gesture and signal emotions, ideas and intentions ([@b0015], [@b0150], [@b0205]).

Biological motion is suggested to be of great value for adaptive social behaviour, and sensitivity to this type of motion is thought to be a precursor to social development ([@b0165]). Seminal research documents how the human visual system is sensitively tuned to recognise biological motion even in minimal circumstances, such as point-light displays ([@b0150]). Preferentially orienting to biological motion is suggested to be an evolutionarily important behaviour -- protecting us from predators and ensuring filial attachment ([@b0015]). This natural orientation towards other animate agents is manifest in a range of species, from humans to birds ([@b0235], [@b0255]), and is demonstrated in human infants as young as two days old ([@b0235]). However, these aforementioned behaviours seem to be impaired in infants with ASD, and these individuals appear to, instead, preferentially orient to non-biological, or non-social motion ([@b0165]). Research has suggested that these behaviours point to a disruption in an innate predisposition to attend to biological motion, which may have negative downstream consequences for the processing of social cues ([@b0050], [@b0075], [@b0130], [@b0250]).

To summarise, copious research has demonstrated that typically developing individuals assign high reward value to social stimuli, such as human faces, and that the value of social stimuli may differ in individuals who report more autistic traits or who have an ASD diagnosis ([@b0070], [@b0100], [@b0220], [@b0260]). Research has also demonstrated that typically developing individuals preferentially orient to biological motion compared to other types of motion, but this same preference is not shown among individuals with ASD. However, it remains unknown whether individuals from these two populations assign different *reward value* to biological, or human-like, motion compared to less or non-biological motion, in a manner similar to what has been demonstrated for faces. Therefore, it is important to determine the extent to which familiar, human-like motion is perceived as a rewarding social stimulus among individuals with and without ASD, as well as among those reporting greater or fewer autistic-like traits, in order to advance our understanding of social motivation in typically developing individuals and those with social impairments.

The aim of the present study is to investigate the value individuals assign to biological, natural human motion, and how these assigned values differ depending on the number of autistic traits reported by each individual. In this study, we operationalise reward value by measuring the amount of effort participants are willing to exert in order to view a particular stimulus ([@b0005]), as we predict that certain stimuli should lead to higher positive affect in the viewer than others. A modified version of the Choose-a-Movie paradigm (CAM), originally developed by [@b0100], enables us to measure the effort participants are willing to exert to watch different types of videos. On each trial of the CAM task, participants choose to open one of two boxes, based on their knowledge of the videos that are associated with those boxes (e.g., a green box is always associated with human motion), and the number of locks on each box (a box with 3 locks requires more key presses, and therefore more effort to open, compared to a box with 1 lock). Participants must choose between opening boxes containing videos of natural human motion, machine-like motion or non-human control motion. We hypothesised that participants with fewer autistic traits should find natural human motion most rewarding, and will thus choose to open more of these boxes and exert more effort to watch them relative to the other two video categories. However, if participants with more autistic traits value social stimuli less, we predict that these individuals should open fewer boxes containing human motion, and exert less effort to view these types of videos. This would manifest as an interaction between autistic traits and stimulus category, or a three-way interaction between autistic traits, effort and stimulus category.

2. Materials and methods {#s0010}
========================

2.1. Participants {#s0015}
-----------------

Participants were 105 Bangor University students and individuals from the local community, who received either course credits or £7 per hour for their participation. Five participants were excluded from the sample due to not following task instructions, leaving a final sample for data analysis of 100 participants (77 females; *M~age~* = 21.45 years, *SD* = 3.46). Due to the complexity of conducting power analyses for experiments employing mixed effects models ([@b0155]), the sample size for the present study was chosen based on a sample size used in a similar experiment by [@b0100]. All participants provided written informed consent, and the Research Ethics Committee of the School of Psychology at Bangor University, provided ethical approval for all aspects of this study (Ethical Approval Code: 2015-15400).

2.2. Stimuli {#s0020}
------------

Stimuli included three kinds of videos. The first category of videos featured a human actor performing simple, natural, human-like motion (such as moving his arms or legs from side to side smoothly; see [Supplementary Video 1](#m0055){ref-type="supplementary-material"}). This motion was used as a proxy for biological motion, and is henceforth referred to as 'Natural Human Motion'. The second category of videos featured rigid, jerky, robotic-like motion, such as the actor moving his arms or legs up and down or from side to side rigidly. These videos were created as a proxy for non-biological motion, and are henceforth referred to as 'Machine-Like Motion' ([Supplementary Video 2](#m0060){ref-type="supplementary-material"}). From these original video recordings, an additional set of CGI videos featuring a non-human control figure "performing" both types of motion were developed ([Supplementary Video 3](#m0065){ref-type="supplementary-material"}).Supplementary Video 1Supplementary Video 2Supplementary Video 3

To create the original videos, a male actor was instructed to move in front of a green screen in a fluid, human-like manner for natural human motion videos, and to move in a rigid, robotic manner for machine-like motion videos ([Fig. 1](#f0005){ref-type="fig"}). Videos were recorded on a SONY HD Handycam video recorder and were edited in MATLAB (R2015b, The MathWorks Inc. 2000). The model's figure was extracted from the green screen and placed onto a white background, and all facial information was removed. These steps were undertaken in order to minimise the effects of any other information on task performance other than the effects of body motion. The control videos were created by mapping the motion created by the model, using MOCAP (Reallusion Inc, 2015), a motion capture software for Windows Kinect (Microsoft, 2015), onto a non-human figure via iClone 6 (Reallusion Inc, 2015). Thus, our control stimuli, although a non-human figure, performed the exact same motions as our human figure. The control figure was further manipulated to minimise human-likeness by rotating limbs at different angles, and moving the arms to the location of the legs and the legs to the location of the arms ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Video stills from the three stimulus categories.

Experimental stimuli were piloted in an online experiment prior to the main study in order to ascertain whether the two motion categories, human and machine-like, were rated by naïve observers as human-like and machine-like, respectively. Thirty-two independent participants were asked to rate each of the 30 videos on a scale from 0 to 100, with 0 corresponding to 'not human like at all' and 100 being 'very human like'. Participants rated the videos in the human motion category (*M* = 69.00, *SE* = 2.51) as being significantly more human-like than the motion in the machine-like motion category (*M* = 40.40, *SE* = 3.20) (*t*(31) = 8.63, *p* \< .001)*.* This confirmed that the agent's motion in the human category was perceived as more human-like, and that the agent's motion in the machine-like category was perceived as less human-like. Ten videos from each video category were included in this experiment; human-motion videos that were rated as the most human-like, and machine-like motion videos that were rated as least human-like in the pilot study, were chosen. Each video lasted 3 seconds. Additionally, three coloured squares were used as prompts for each movie category ([Fig. 2](#f0010){ref-type="fig"}a).Fig. 2(A) Association between coloured boxes and videos. Three different coloured boxes were associated with three different video categories. The associations between colour and video type were counterbalanced across participants. (B) Trial sequence. Participants saw two coloured boxes with differing numbers of locks, and were required to choose to open one box. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

2.3. Procedure {#s0025}
--------------

The Choose-a-Movie (CAM) task, developed by [@b0100], was presented using Psychopy software ([@b0195], [@b0200]). In this task, participants were required to open one of two coloured boxes; a coloured box was always associated with a particular video category. In order to learn how the task worked and to generate associations between what types of videos were associated with the coloured boxes, participants firstly completed 21 familiarisation trials. For each of the first 15 trials, one box with one lock was presented, and for the remaining six trials, participants were presented with a box on the left and a box on the right with one lock on each box. From these familiarisation trials, participants learnt that unlocking all locks from a box would reveal a video. Opening a lock required one key press, resulting in a one-second delay before the participant would be able to unlock another lock. Multiple locks could not be removed at once due to the one-second delay between key presses. During the main task, participants saw a coloured box on the left, and a coloured box on the right side of the screen with between one and three locks on each ([Fig. 2](#f0010){ref-type="fig"}b). Participants chose to open either the coloured box on the left or the differently coloured box on the right, and would subsequently see the video associated with the chosen coloured box. There were 3 coloured boxes: a blue box, a red box, and a green box. The associations between colour and video category remained consistent within participants, and were counterbalanced across participants ([Fig. 2](#f0010){ref-type="fig"}a).

In accordance with [@b0100], participants completed 180 experimental trials. These 180 trials included 60 trials with a choice between human motion and control videos, 60 trials with a choice between human motion and machine-like motion videos, and 60 trials with a choice between machine-like motion and control videos. In each set of 60 trials, 32 trials had 3 locks on one box and 1 on the other, 8 had 2 locks on one box and 1 on the other, 8 had 3 locks on one box and 2 on the other, and 12 had an equal number of locks on each box. The box with the greater number of locks was randomly assigned to either the left or the right side of the screen. Participants were required to select a box to open from the choice of two -- they could choose to open the box with fewer locks (requiring fewer key presses, less effort and less time) or to open the box with more locks (requiring more key presses, effort and time). The number of locks on the boxes, and the videos associated with the colour of the boxes, would influence the choices participants made.

After providing written informed consent, participants completed a demographic questionnaire assessing their age, gender, and education, and then completed the Edinburgh Handedness Inventory (EHI) ([@b0180]). Next, the CAM task was presented using Psychopy software ([@b0195], [@b0200]); participants were instructed to open one box on each trial. Lastly, participants completed the Adult Autism Spectrum Quotient (AQ) questionnaire ([@b0025]) and the Social Responsiveness Scale (SRS; [@b0080]). The AQ is a brief, self-administered questionnaire developed to measure autistic traits in individuals with normal IQ for scientific (e.g. to establish the caseness of an individual) and applied reasons (e.g. to screen individuals to refer for diagnostic assessment; [@b0025]). A recent meta-analysis suggests that the mean AQ score of participants in the typical population is 16.94, while the mean AQ score of those on the Autism Spectrum is 35.19 ([@b0215]). However, as the mean AQ score of our sample of TD participants (*M* = 19.25, *SD* = 9.92) is higher than the mean score of the typical population and our participants reported a broad range of autistic traits (scores ranged from 1 to 49), we note that the results from our study are not necessarily representative of the typical population. To address these possible issues with atypicalities in our study sample, we evaluate and report additional analyses focusing on subsamples of our participant group in [supplementary materials](#s0085){ref-type="sec"} (see [Section 2.6 Supplementary Data Analyses](#s0085){ref-type="sec"}, below).

The SRS is another widely-used measure of autistic traits that can be used among the general population ([@b0055]). SRS scores of 59 or below are considered to indicate that an individual has few autistic traits, while scores of 76 or higher indicate that an individual has many autistic traits ([@b0085]). As with the AQ, we note that our sample of participants show a broad range of SRS scores, ranging from 34 to 90 (*M* = 65.71, *SD* = 14.96).

2.4. Data analyses {#s0030}
------------------

The data were analysed following the approach outlined by [@b0100]. The data from the experiment comprising of 180 trials was split into three sets of 60 trials -- one data set for trials which consisted of a choice between opening human motion and control videos, one set for machine-like motion and control videos, and one set for human and machine-like motion videos. Data were split into three sets of trials as we were interested in investigating the factors contributing to the choice participants make when choosing to open one of two boxes. Three separate logistic mixed effects models were fit for each of the three sets of choice data, using the lme4 package (version 1.1-13) ([@b0040]) in R (Version 3.3.3, [@b0210]). Models were fit via a maximum likelihood procedure.

The three mixed effects models aimed to predict the probability of choosing to open the box on the left, based on the difference in utility between the box on the left and the box on the right. The subjective value, or desirability, of a stimulus in economics is referred to as *utility*. Utility, in this study, is modelled as a function of 1) the *Effort* required to open the box on the left (locks on the left box minus locks on the right, thus varied from −2 to +2), and 2) the *Stimulus Category* of the left box. Therefore, Effort and Stimulus Category were included in each model as fixed factors. Further, Autistic Traits was included as a grand mean-centred, participant-level factor, as well as gender, age, handedness, and the colour of the box on the left. We also modelled the interaction between Autistic Traits, Stimulus Category, and Effort. A random by-participant intercept was included with random slopes for Effort and Stimulus Category ([@b0030]). Models were probed for over parameterisation using the RePsychLing package in R ([@b0035]); this analysis did not reveal any rank deficiency in our models. Plotting and inspecting the residuals for all models detected no violations of linearity, homoscedasticity, or normality.

For each model, we made a prediction as to whether the participant would choose to open the box on the left based on the effort the participant would have to exert to open it, the stimulus category (e.g. natural human motion vs. control stimuli; machine-like motion vs. control stimuli; natural human motion vs. machine-like motion) and their autistic traits.

2.5. Supplementary data analyses {#s0035}
--------------------------------

In addition to evaluating our main models of interest, we conducted several additional analyses to further explore our data. First, when initially setting up our models, we found that including both measures of autistic traits (the AQ and SRS) as factors led to non-convergence of the mixed effects models. This is likely due to their strong correlation (*r* = 0.63), which resulted in issues with multicollinearity. In the present study, our primary focus is on results from models that included the AQ instead of the SRS as the measure of autistic traits (see above), in order to draw the clearest comparisons to the results from a similar study by [@b0100]. However, it should be noted that both questionnaire measures of autistic traits yielded similar results, and for transparency, we report full results from the models that used the SRS instead of the AQ as the measure of autistic traits in [Supplementary Results 1 and Supplementary Table 1](#s0085){ref-type="sec"}. We also evaluated our three main models of interest with only those participants with AQ scores of 20 or below, given that a recent meta-analysis identified the 95% CI for neurotypical adults as 11.6--20 ([@b0215]). These findings are reported in [Supplementary Results 2 and Supplementary Table 2](#s0085){ref-type="sec"}. Furthermore, we evaluated our three main models after excluding participants whose AQ scores were \>2 standard deviations from the group mean ([Supplementary Results 3 and Supplementary Table 3](#s0085){ref-type="sec"}). Due to the uneven representation of male and female participants in our sample, we also evaluate our models with female participants only, and these results are reported in [Supplementary Results 4 and Supplementary Table 4](#s0085){ref-type="sec"}. In addition, we ran correlational analyses to evaluate how autistic traits influence stimulus preferences, collapsed across effort levels, and to illustrate the relationship between autistic traits and stimulus preference in a different way to our main analyses. These results are presented as [Supplementary Results 5 and Supplementary Fig. 2](#s0085){ref-type="sec"}. We also plotted the coefficient estimates for each fixed effect of interest for each of the three models to visualise how each fixed effect influences the data within each model ([Supplementary Results 6 and Fig. 3](#s0085){ref-type="sec"}). Further, we ran exploratory multiple regression analyses to investigate the relationships between autistic traits, gender, age, and handedness ([Supplementary Results 7 & 8](#s0085){ref-type="sec"}).

3. Results {#s0040}
==========

3.1. Natural human motion vs. control stimuli {#s0045}
---------------------------------------------

A fixed effect of Effort showed that choosing the left box was significantly influenced by the effort participants needed to exert to open that box; the likelihood of choosing to open the box on the left decreased when the effort required increased. A fixed effect of the factor Stimulus Category revealed that participants were more likely to open the box on the left when it contained a video of Natural Human Motion, compared to when it contained control stimuli. Unexpectedly, a fixed effect of Autistic Traits also significantly predicted the choice participants made, revealing that those with more autistic traits were more likely to open the box on the left regardless of any other factors. As predicted, a significant interaction emerged between Autistic Traits and Stimulus Category, such that participants with more autistic traits were less likely to open the box containing natural human motion compared to individuals with fewer autistic traits. The colour of the box, and handedness, were also found to be significant predictors of the choice participants made. Participants who were more left-handed were more likely to open the box on the left. For all study results, the main findings of participant preference for stimuli featuring different kinds of motion, as a function of effort and AQ score are illustrated in two different ways for ease of interpretation: as a function of high versus low AQ scores ([Fig. 3](#f0015){ref-type="fig"}), and with AQ scores as a continuous variable ([Fig. 4](#f0020){ref-type="fig"}). [Table 1](#t0005){ref-type="table"} details the findings from each of the three mixed effects logistic regression models.Fig. 3To highlight differences in participant performance based on AQ scores, participants with AQ scores above the mean-centred AQ score were put in a 'High AQ' group, and participants with AQ scores below the mean-centred AQ score were put in a 'Low AQ' group. The plots show how Effort, the Stimulus Category of the left box, and Autistic Traits contribute to opening the box on the left.Fig. 4Preferences for stimuli featuring different kinds of motion, as a function of Effort and Autistic Traits (plotted here as a continuous variable).Table 1Mixed effects logistic regression models investigating variables contributing to opening the box on the left, in the three types of choice trials.*BSEZp-valueNatural Human Motion vs. Control***Fixed Parts**Intercept−1.710.31−5.60**\<0.001**Stimulus Category2.610.505.22**\<0.001**Effort−1.120.11−10.26**\<0.001**Autistic Traits0.090.033.43**\<0.001**Handedness−0.140.05−2.54**0.011**Age0.080.061.290.198Gender0.070.130.570.571Box Colour0.180.072.66**0.008**Stimulus Category \* Effort0.060.070.940.350Stimulus Category \* Autistic Traits−0.200.05−3.88**\<0.001**Effort \* Autistic Traits0.020.011.660.097Stimulus Category \* Effort \* Autistic Traits−0.010.01−1.820.068**Random Parts**N~PID~100Tjur\'s D0.61AIC4255.89  *Machine-Like Motion vs. Control***Fixed Parts**Intercept−0.530.28−1.890.059Stimulus Category0.980.501.98**0.048**Effort−0.950.09−10.14**\<0.001**Autistic Traits0.070.023.05**0.002**Handedness−0.030.05−0.640.522Age0.100.052.11**0.035**Gender0.010.110.060.951Box Colour−0.020.06−0.350.726Stimulus Category \* Effort−0.080.06−1.450.148Stimulus Category \* Autistic Traits−0.140.05−2.90**0.004**Effort \* Autistic Traits0.010.011.240.216Stimulus Category \* Effort \* Autistic Traits0.000.01−0.200.842**Random Parts**N~PID~100Tjur\'s D0.57AIC4665.89  *Natural Human Motion vs. Machine-Like Motion***Fixed Parts**Intercept−1.420.28−5.05**\<0.001**Stimulus Category3.180.486.65**\<0.001**Effort−1.520.15−10.16**\<0.001**Autistic Traits0.080.023.31**0.001**Handedness−0.060.06−1.080.282Age0.050.060.890.374Gender−0.260.13−1.99**0.047**Box Colour0.010.070.100.919Stimulus Category \* Effort0.160.081.930.053Stimulus Category \* Autistic Traits−0.170.05−3.51**\<0.001**Effort \* Autistic Traits0.030.012.33**0.020**Stimulus Category \* Effort \* Autistic Traits−0.010.01−1.040.298**Random Parts**N~PID~100Tjur\'s D0.58AIC4579.43[^1]

3.2. Machine-like motion vs. control stimuli {#s0050}
--------------------------------------------

A fixed effect of Effort revealed that choosing to open the box on the left was significantly influenced by the effort participants needed to exert to open it; participants were less likely to open the box on the left if it required more effort to open than the box on the right. A fixed effect of Stimulus Category showed that participants were more likely to open the box on the left when it contained a video of machine-like motion compared to when it contained control stimuli. A fixed effect of Autistic Traits was also significant. As hypothesised, a significant interaction emerged between Autistic Traits and the Stimulus Category, suggesting that participants with more autistic traits were more likely than those with fewer autistic traits to open the box containing control stimuli compared to machine-like motion ([Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}). A significant effect of age also emerged, such that older participants were more likely to choose to open the left box ([Table 1](#t0005){ref-type="table"}).

3.3. Natural human motion vs. machine-like motion {#s0055}
-------------------------------------------------

A fixed effect of Stimulus Category showed that participants were more likely to open the box on the left when it contained a video of natural human motion, compared to when it contained a video of machine-like motion, and a fixed effect of Effort showed that the number of locks on the left box significantly influenced the choice participants made, such that participants were less likely to open the left box when the effort required to open it was greater. Autistic Traits was a significant predictor of choice. Further, gender was also a significant predictor, which showed that females were more likely to open the box on the right. As predicted, a significant interaction emerged between Autistic Traits and Stimulus Category, such that participants reporting more autistic traits were less likely to open the box containing natural human motion compared to individuals reporting fewer autistic traits. Finally, a significant interaction also emerged between Autistic Traits and Effort. This demonstrated that although all participants were influenced by effort, and were more likely to choose to open the box with fewer locks, participants with fewer autistic traits appeared to be more strongly influenced by effort compared to participants with more autistic traits ([Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"}; [Table 1](#t0005){ref-type="table"}; [Supplementary Results 9 and Supplementary Fig. 4](#s0085){ref-type="sec"}).

4. Discussion {#s0060}
=============

The results from our Choose-a-Movie task suggest that most participants prefer social videos (natural human motion or machine-like motion) compared to non-social videos (control stimuli), and that the strength of this preference is linked to the number of autistic traits they report. Overall, participants preferred to watch the most social stimulus out of each pair of stimuli. However, participants who reported fewer autistic traits displayed a stronger preference for more social videos, while those reporting more autistic traits displayed a weaker preference for more social videos. This finding suggests that participants reporting more autistic traits valued these types of stimuli less, as they opened fewer of these boxes and exerted less effort to watch them. These results are consistent with our hypothesis that participants with fewer autistic traits assign a higher value to biological, or natural human motion, compared to the motion of the other two video categories.

Unexpectedly, we found that autistic traits significantly predicted box choice in all three of our models, regardless of any other factors. To investigate this, we assigned participants with AQ scores below the mean AQ into a 'Low AQ' group, and assigned participants with scores above the mean AQ into a 'High AQ' group. This revealed that individuals within the Low AQ group (*M~EHI~* = 79.46, *SE* = 4.08) appeared to be more strongly right handed than those within the High AQ group (*M~EHI~* = 63.07, *SE* = 7.66). As participants were asked to press the 'Z' key to unlock the left box, and the 'M' key to unlock the right box, individuals within the High AQ group may have been more likely to open the left box as the 'Z' key is easier to press with the dominant left hand. However, this explanation requires further investigation in order to say with certainty that the effect of box choice we see here is explained by participant handedness.

Using a similar CAM paradigm, [@b0100] suggested that participants showed a preference for social videos (faces with direct gaze) compared to less social videos (faces with averted gaze, or objects), however, this preference was reduced in participants with more autistic traits or with a diagnosis of ASD. The findings from the present study indicate that participants show a similar pattern of preference when asked to open boxes associated with more or less social human body motion. On the whole, participants preferred to open the more social video (natural human motion) over the less social video (machine-like motion, or non-human control), but this preference was reduced in individuals with more autistic traits.

Our findings are consistent with other studies that have investigated the reward value of social stimuli, and how this value is modulated by either autistic traits or a clinical diagnosis of autism. For example, [@b0090] demonstrated that individuals reporting more autistic traits showed decreased sensitivity to social compared to non-social rewards in an incentive delay task. Reduced spontaneous mimicry and prosocial behaviour to rewarding faces and hands has also been observed in individuals with more autistic traits ([@b0135], [@b0190], [@b0240]). Our findings add support to the growing literature that examines how autistic traits modulate the reward value of social stimuli, and document how human bodies in motion are also appraised as rewarding social stimuli.

The Social Motivation Theory of Autism ([@b0070]) posits that atypical social behaviour observed in individuals on the autism spectrum could be due to their failure to assign high reward values to social stimuli. Previous studies that have investigated the value of social stimuli have used stimuli that signal engagement (e.g. a smiling face with direct gaze, which is an important platform for social interaction and communication; [@b0100], [@b0245]). However, the reward value of another type of social stimulus that we encounter in abundance in our daily lives, namely, that of others' bodies moving around us in a social world, has been overlooked. Therefore, it is difficult to disentangle whether TD participants value the types of stimuli presented in previous studies because they indicate that social interaction will follow as they include faces with direct gaze, or simply because they feature other people, and are thus more generically social. The findings from the present study lend support to the notion that TD participants value different types of social stimuli, not only those that signal imminent social engagement, and that individuals with more autistic traits might show a reduced preference across a range of social stimuli (again, not only those signalling social engagement). As such, these findings contribute significant new insights to our understanding of social motivation and the value of bodies in motion, and how autistic traits can influence this value.

Previous research has shown that TD participants preferentially orient their attention towards biological motion ([@b0235]). It is of note that this preference for biological motion is present across a number of non-human species as well, such as birds ([@b0255]) and monkeys ([@b0185]), thus demonstrating the adaptive value of attending to biological motion across phylogeny. In humans, this adaptive value is arguably even greater, as the motion of others can help us determine whether to engage in or avoid social interaction, and allows us to develop complex skills for understanding facial expressions and gaze direction. In the present study, typically developing participants preferred to watch videos of natural human motion, and exerted more effort to view this type of motion; this preference is in accordance with participants' preferential looking towards biological motion, compared to other types of motion, demonstrated in other studies ([@b0110], [@b0235]). Thus, the data show that not only do participants implicitly guide their attention towards human motion as shown in previous studies, but also, explicitly behave in ways that results in their viewing the more social motion when given a choice of two to choose between.

However, the behaviour of preferentially orienting towards biological motion appears impaired in infants with ASD, who preferentially attend to non-biological motion instead ([@b0010], [@b0165]). In the present study, we show that the preference for biological motion is reduced in typical adults with more autistic traits. These results are consistent with the finding that individuals with ASD fail to preferentially orient their attention towards biological motion ([@b0010], [@b0165]).

5. Limitations and future directions {#s0065}
====================================

Given that males are more likely to receive a clinical diagnosis of ASD compared to females ([@b0020]), it might seem counterintuitive that we find a robust relationship between autistic traits and the reward value assigned to body motion when our study sample was predominantly female (77%). One concern that could arise from having a majority female sample is that higher scores on the AQ would not be observed, as males report higher AQ scores on average ([@b0215]). However, we observed a broad range of AQ scores (1--49) within our sample. Results from models analysing data from female participants only are presented in [supplementary materials](#s0085){ref-type="sec"} ([Supplementary Results 4 and Supplementary Table 4](#s0085){ref-type="sec"}). These findings confirm that males are not driving the results obtained in the present study, as the same pattern of findings emerges even when we consider an all-female sample. Furthermore, the focus of the study was to investigate the influence of autistic traits on the reward value of social stimuli within an opportunity sample, and not the influence of an ASD diagnosis *per se* (although it would absolutely be valuable for future studies to examine similar questions among a clinical sample).

Another aspect of the present study that warrants consideration is our use of full-body stimuli to examine the reward value of human/biological motion. Many previous studies that have investigated the perception of biological and non-biological motion in ASD ([@b0015], [@b0050], [@b0165]) presented point-light displays of motion to participants. In these experiments, participants must infer the shape and size of the human body, as no form cues are present. Thus, the inclusion of a fuller depiction of the human body in the present study could maximise reward differences for those with few or many autistic traits. It was our intention to create stimuli that included information about body form, however, as the social agents we encounter in the real world feature biologically salient form and motion cues. It could nonetheless be of interest to dissect the independent contributions made by form and motion cues to the reward value of human bodies in future studies.

6. Conclusions {#s0070}
==============

It is well established that typically developing individuals assign a higher value to social stimuli, such as faces, compared to non-social stimuli ([@b0070], [@b0105], [@b0100]), but the extent to which we find other types of highly familiar social stimuli rewarding has remained poorly understood. The findings from the present study offer valuable insights about reward value of human bodies in motion, and thus significantly advance our knowledge pertaining to social motivation among individuals for whom social engagement is pleasurable or painful. The increased value assigned to human motion in this study by individuals who report few autistic traits could relate to our innate preference to orient our attention towards biological motion. However, as with all lab-based experiments, it will be vital to confirm that the preferences demonstrated by participants in our task are reflected in the real social world. Future studies can thus help to establish the generalisability of the present findings, as well as the extent to which the present pattern holds when individuals with a clinical diagnosis of ASD are tested. Nonetheless, the finding that participants with few autistic traits exert more effort to view videos of neutral human motion suggests that the human body in motion which conveys a wealth of social information, can be a powerful and rewarding stimulus.

Appendix A. Supplementary material {#s0085}
==================================

Supplementary data 1
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[^1]: Bolded font indicates all *p* values less than 0.05.
